The effects of dietary fat on gene expression by Sharma, Raja
I iy <>W WKW|>>.<l.n W l|iif l »»
'-f wrnmm
*  < » i  -
UNIVERSITY OF ILL IN O IS
-  • *  • <  -
** -  O “-!s » *F’a *
V * J  ’L*v<Tk.
......Max .2 •*** *€*#•*>*
THIS IS TO CERTIFY THAT THE THESIS PREPARED UNDER MY SUPERVISION BY
.u a ja ...s u m :::a .
KNTITI.ED..ZUE..JEE£CXS..D£...aiETMi:...E&X...0Ji-..Ci£:'^---EXi',.RES.3.j;.QJ?.......
DECREE OF. SACUEUU5...aE'. ..SC.IEMCE...lA...alUCUUMISXKI............ ...
............... ............. ...... ...... .............. .............. ........ ........... ....s jtfim fe a ./!. k ft& n 'L .....
Instructor ity Charge
< ' ./^
** '  ' /-• ■ ' "
HEAD OF DF.PARTM ENT OF...... BI.PCHEMI STRY....... ...._ .........................
o\m
THE EFFECTS OF DIETARY FAT 
ON
GENE EXPRESSION 
BY
RAJA SHARMA
THESIS
for the
DEGREE OF BACHELOR OF SCIENCE
IN
BIOCHEMISTRY
College of Liberal Arts and Sciences
University of Illinois 
Urbana, Illinois
1990
Table of Contents
Page No.
1. Introduction........................................................................................................ 1
2. Materials and Methods.....................................................................................4
3. Results................................................................................................................7
4. Discussion..........................................................................................................10
5. References.........................................................................................................13
Introduction
Metabolic energy is derived from three macronutrients: carbohydrates, 
fats, and proteins. The major source of energy comes from dietary 
carbohydrates. Carbohydrates are metabolized by the glycolysis cycle, and the 
products are carbon dioxide, water, and ATP. A second source of energy is 
obtained from dietary fats which are stored as triglycerides in adipose 
tissue. The metabolism of triglycerides begins with the hydrolysis by lipases 
to form a glycerol molecule and three fatty acid chains. The fatty acid chains 
are through acyl CoA which is degraded in the beta-oxidation pathway which 
is chemically coupled to the electron transport chain where synthesis of ATP 
occurs. Proteins are the third macronutrient which can be used for 
metabolism. Proteins are first degraded into amino acids. The amino acids 
may be modified into metabolic intermediates or converted into urea.
Each of these macronutrients is essential for the human diet and normal 
metabolism; however, an excess of a macronutrient may promote diseases 
through the alteration in gene express'on. For instance, animals consuming 
experimental diets that vary the proportion of carbohydrate, protein, or fat, 
contain chromatin that is more susceptible to digestion by micrococcal 
nuclease (1) which implies that chromatin structure has changed. Differences 
in chromatin structure are known to affect gene expression.
Diets can reduce or increase the rate of gene expression resulting in 
changes in the level of specific mRNA. The amount of rat ATP citrate-lysate 
(13), malic enzyme (12), and fatty acid synthesis (11) mRNAs are effected by 
the type of diet. Rats maintained on low fat, high carbohydrate chow diets 
exhibited a striking increase (50-fold) in the level of ATP citrate-lysate 
mRNA in liver and adrenal glands. Moderate levels of mRNA were found in lung
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2brain and large intestine with only trace amounts of the message in small 
intestine, stomach, testis, spleen, pancreas, kidney, and heai. (2).
Epidemiological studies show an association between deaths due to breast 
cancer in women and fat intake (3). Tannenbaum pioneered studies showing 
that tumor formation in mice was aggravated by high fat diets (4,5). High 
levels of dietary fat induce cell proliferation (6) which may lead to 
carcinogenesis. For example, the proliferation of the mammary epithelium of 
animals on high fat diets (30% cornoil by weight) was higher than that seen in 
animals on low fat diets (3% cornoil by weight) (6). The influence of dietary 
fat on the development of mammary glands may sensitize the tissue to 
carcinogens (7-8) in experimental animals. Dietary fat is correlated with 
incidence of breast cancer in humans (9). Our research group chose to study 
the effects of dietary fats on gene expression. Our long-term objectives are 
to determine how different amounts of dietary fat change gene expression to 
influence normal development and metabolism as well the initiation and 
progression of disease states such as cancer, obesity, and heart disease.
The first step in the project was to examine whether transcriptional 
changes occurred due to alterations in the level of dietary fat without any 
other variables. The experimental design was to isolate any gene that was 
differentially expressed in animals fed either high or low fat diets. First, 
mRNA was isolated from mice that were fed either 3% (low fat) or 20% (high 
fat) corn oil, and used to construct cDNA libraries (Tim Elloiott, in 
preparation). Subtractive hybridization was used to identify unique genes in 
each library. After subtractive hybridization, duplicate filters of the low fat 
cDNA library were made and hybridized to probes made from low fat or high 
mRNA. Following three such screens, Nothern analysis was done using the 
isolated genes to see if there was a transcriptional difference between
3animals maintained on low and high fat diets. If the results showed a 
transcriptional difference, the nucleotide sequence was determined. The 
sequences were compared to the sequences in the GenBank data base. Using 
these procedures, four genes were found to be more abundant in the low fat 
fed animals than in the high fat fed animals. One of these genes is a member 
of the U-V inducible class that includes genes responsible for DNA repair 
processes. In addition to this gene, there were 65 potential clones which 
were analyzed.
My objective was to analyze the 65 putative clones. The first step was to 
determine the size of each cDNA insert. In collaboration with other members 
of the Visek lab, each clone was used as a probe of mRNA isolated from 
animals fed either high or low fat diets. Four diet specific clones were 
obtained. They are currently being characterized by sequence analyses.
Materials and Methods
Animal Management and Diet Composition
Inbred Balb /c virgin female mice age 7-8 weeks were purchased from 
Harlan Sprague-Dawley, Inc., Indianapolis, Indiana. The semi-purified diets 
were provided daily with double distilled water. Diet formulas followed AIN 
guidelines, containing AIN-76A mineral and vitamin mixtures and met 
nutritional requirements set forth by the NAS-EFA requirements. Diets were 
made to maintain constant nutrients to calories ratios across treatments 
whenever fat was being varied. The diets were stored at -20°C. The mice 
were housed in polypropylene shoebox-type cages (10 mice per cage) with 
cellulose bedding. All animal housing was in temperature controlled rooms 
maintained at 22°C±_1°C with a 12-hr light-dark cycle. Animal care met 
guidelines set forth by the University of Illinois and National Institutes of 
Health. When the mice arrived, they were fed a fat free diet for one week. 
After one week the mice were randomly assigned to either a 3% or 20% fat 
(corn oil) semi-purified diet. The animals were fed for 2 weeks. They were 
killed by cervical dislocation. The mammary glands, liver, and kidneys were 
excised, placed in liquid nitrogen, and pulverized in a mortar. The pulverized 
tissue was stored at -80°C until it was processed for RNA or DNA isolation.
RNA Isolation
Total RNA was isolated using the guanidinium thiocyanate method (10). 
Liver from mice was homogenized with a Polytron Probe in 4M guanidinium 
thiocyanate using a ratio of 1:10 (tissue: guanidinium thiocyanate). The
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homogenate was layered over 5.7M cesium chloride and centrifuged in a 
Beckman Ti50.2 rotor at 20°C for 18 hr at 40,000 rpm. The pellet contained 
RNA, DNA, and proteins remained in the supernant. The supernant was removed 
carefully to avoid the contamination of the RNA pellet. The pellet was washed 
with 70% cold ethanol and resuspended in 10mM Tris [7.6]-1rnM EDTA-0.5% 
SOS. A Northern blot analysis (10) using human beta-actin probe was done to 
check if the RNA was degraded before the poly (A) mRNA isolation. Oligo (dt) 
cellulose column chromotography in 0.4M NaCMOmM Tris [7.6]-1mM 
EDTA-0.5% SDS was used to isolate mRNA (10). After washing the column 
with 0.1 M NaCMOmM Tris [7.6]-1mM EDTA, the mRNA was eluted from the 
column withlOmM Tris [7.6J-1 mM EDTA. An ISCO detector (254nm) was used 
to monitor the chromatographic profile. The mRNA was stored as an ethanol 
precipatate at -80°C. Approximately 1ug of mRNA is obtained from a single 
mouse.
Northern Blot Analysis
The cDNA clones isolated from the low fat library (constructed by Tim 
Elliott [Univ. II.]) were used as probes in the Northern blot analysis as 
described above (10). Liver mRNA from low and high fat diet treatments was 
isolated. Known amounts of polyA+ RNA (1-2ug per lane) were electrophoresed 
in denaturing 1% agarose gels. Plasmids containing inserts were labeled using 
a random primer kit (Stratagene, LaJolla, California) in the presence of alpha 
32p.(jCTP. High stringency conditions were used for hybridization and 
washings (10). The filters were placed in a prehybridization solution ( 23mM 
Tris [7.4], 5x SSC, 5x Denhardts, 50ug/ml Fish Sperm, and 50% formamide).
The filter was placed in a water bath for 15-30 minutes at 42°C. The
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prehybridization solution was removed and a hybridization solution ( 23mM 
Tris [7.4], 5x SSC, 5x Denhardts, 50 ug/ml fish sperm, 50% formamide, and 
10% dextran sulfate) was added, and placed in a waterbath at 42°C overnight. 
Following hybridization, the filters were washed twice with 1x SSC-1% SDS, 
twice v.ith 0.5x S S C -1% SDS, once with 0.25x SSC-1% SDS at 42°C, and once 
with 0.25x SSC-1% SDS at 65°C for 20-30 minutes. Filters were exposed to 
XAH5 film for 24-36 hours at -80°C.
DNA Sequencing
Bacteria carrying recombinant phagemids were grown on Luria Broth 
containing 1 ug/ml ampicillin. The plasmids were isolated using an alkaline 
lyses method followed by CsCI centrifugation (10).
The clones were sequenced using standard dideoxy sequencing methods and 
Sequenase version 2.0 (United States Biochemical Corporation, Cleveland, 
Ohio). Six percent gels were used throughout this study. The gel was fixed in 
10% acetic acid for 2-5 minutes, transferred to a large Whatman filter paper, 
and dried on a Bio Rad Model 483 Slab Dryer for 1-1.5 hours at 80°C. Dried 
gels were exposed to Kodak XAR5 film for 24-36 hours at -80°C.
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Results
My goal was to isolate and characterize a gene regulated by fat levels 
from the sixty-six putative low fat specific clones. The first step in this 
analysis was to verify that the plasmids contained an insert. DNA from each 
of the sixty-six potential clones were digested with EcoR1 and analyzed on 
agarose gels. Twenty-one contained an insert greater than 150bp (Table 1>
The remaining forty-five clones may have had an insert below the resolution 
of the 1% gel. Debbie Schwartz and Tim Elliott analyzed these forty-five 
clones using the T-Test procedure. This test compares the position of the T 
residues of the original plasmid sequence with the position of T's in each of 
the remaining forty-five clones. If the T's of the original plasmid matched 
with the clone, then that clone does not contain an insert. If the T residue did 
not match, then there is an insert in the plasmid. Through the T-Test, 
approximately additional 10 clones had inserts.
The 31 clones which contained inserts were used as probes of liver mRNA 
isolated from low and high fat fed animals. The results showed that four 
clones identified genes that had different levels of mRNA between the low 
and high fat diets. In all four Northern blots, the low fat diet had a greater 
abundance of mRNA than in the higher fat diet (Fig.1) The results of Northern 
Analyses are summarized in Table 2. These clones are C 3 ,3,13, and 32
Sequence Analyses (T.S. Elliott, D Schwartz, in preparation) demonstrated 
that C3 was equivalent to UV inducible gene product (14). I initiated the 
sequencing of clone 32. Double stranded dideoxy methods were used. Sequence 
from both ends of the insert as well as a twenty-five bp overlap were 
obtained. Conformation of this sequence is required before it can be compared 
to the GenBank data base.
Table 1
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Clone Number insert Size bp Clone Number Insert Size-hft
2 200 25 300
3 675 26 300
8 600,675 27 300
11 300 32 300
13 500 33 300
15 300 40 350
16 700 45 475
17 250 52 400
18 300 55 350
20 400 56 300
63 300
Clone Number
Table 2 
mRNA Size Eold Induction
C3 0.3Kb 4
3 8.5Kb 4
13 0.5Kb 2
32 8.5Kb 4
‘Based on two experiments and densometeric scans of Northern Blot 
(Elliott in preparation).
Figure 1. The Northern Analysis of clone number 32. .5ug of low and high fat 
liver mRNA was used. The left lane corresponds to the low fat diet and the 
right lane corresponds to the high fat diet. The smear is due to the 
degradation of the mRNA. The probe was labeled by the Random Priming Kit.
Discussion
The research of relating dietary fat to transcriptional activity is a 
relatively new field of study. The regulation by diet of few specific genes 
(fatty acid synthesase (11.12), malic enzyme (12), and pancreatic lipase (13)) 
have been studied. The level of mRNA of each of these enzymes is altered by 
different levels of dietary fat. The experiments initiated in the Kaput-Visek 
labs were designed to isolate genes regulated by the level of dietary fat. This 
design differed from the work of others in that the library screens would 
generate the relevant genes without experiment or biases. Four low fat 
specific genes were found. Other low fat specific genes may have been missed 
due to the large number of plaques originally screened (300,000). However, 
the original objective of this project was met with the isolation of these 
four diet- regulated genes.
The first gene which showed a difference in the level of mRNA between 
the low and high fat diets was called LFM1 (T.S. Elliott, in preparation). The 
sequence of LFM1 was compared to the GenBank data. LFM1 has 80% homology 
to the gene called DDIU4 (14). DDIU4 is a 300 base pair gene that is induced by 
UV-irradiation of cultured Chinese hamster lung cells. LFM1 is a member of 
the UV-inducible gene class and it is regulated by different levels of dietary 
fat. Although, the function of this gene is unknown, members of this class are 
involved in the repair of DNA. The fact that this gene also is regulated by 
different levels of dietary fat, suggests that the activity of DNA repair 
enzymes might also be regulated by diet. If the DNA repair mechanisms are 
altered, increased accumulation of DNA damage might lead to specific 
diseases such as cancer.
The three other clones number's (3,13,32) are still being characterized.
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Approximately 100 base pairs of 3 and 13 have been sequenced, and these 
sequences have been compared to the genes in GenBank. However, these genes 
did not show any homo'ogy to any known genp. It is necessary to attain the 
complete sequences of 13, 3, and 32 in order to determine if there is any 
homology to genes in GenBank.
In the future, this same procedures will be used to isolate unique genes 
from the high fat cDNA library. The high fat cDNA library should proceed 
through multiple subtractive hybridizations instead of +/- screening since 
this may reduce the number of false positives. The isolated high fat genes 
will be tested by Northern analysis. Genes that show a transcriptional 
difference will be sequenced and characterized.
Further experiments are necessary to understand the function of the diet 
regulated gene and its product in cells. As a part of characterization, it will 
be necessary to do in situ hybridization. Cells that express this gene can be 
studied in detail. In addition, the factors responsible for regulation of the 
gene will be identified. Further experiments will be done to determine if the 
amount or type of dietary fat will influence the expression of the diet 
regulated mRNA. This study may provide an understanding of the influence of 
dietary fat on the expression and regulation of these genes, and may help us 
understand how dietary fat affects normal mammary glands and promotes 
breast cancer.
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